We also found that the PFAM model PF00583 "Acetylit is resolved in anaphase (for review, see [1][2][3] case of the latter, even the complete PFAM domain the low level of sequence conservation with GNAT superfamily, the Eco1 C-terminal domain represents a new model produces a hit with a positive score (but a nonsignificant E value) for a segment comprising 98 residues. sequence family. To conclude, Eco1 protein sequence analysis results We found that the N terminus of the S. pombe Eco1 homolog is extended by more than 600 amino acids and indicate a two-domain structure: (1) an N-terminal region with many positive charges (K/R) and a C 2 H 2 Zn fingerthe D. melanogaster homolog by 800 amino acids. In the first case, the N-terminal extension is the known like domain (residues 33-57, C2H2), possibly with a nucleic acid or protein binding function; (2) a proline-and fusion with polymerase [6, 17] and contains a UMUC domain known to be involved in DNA replication and serine-rich low complexity region (residues 95-107, P/S), the probable interdomain linker; and (3) a C-ter-UV protection [18]; in the fly protein case, no function could be guessed for this extension, which could also minal domain with suggested acetyltransferase activity (residues 111-266, ACT) ( Figure 1A ). represent a genome assembly artifact.
(B) Eco1 is a member of the GCN5-related N-acetyltransferase superfamily. The joint multiple alignment of protein sequences of members of the GNAT acetyltransferase superfamily (structurally aligned, [12] ) and selected Eco1 sequences was obtained by manual adjustments based on PF00583 domain fragment hits, secondary structure predictions, and physicochemical similarity of amino acid types. The GenBank accession numbers are AANAT_Oa, 6980559; Hat1_Sc, 4929920; Gcn5_Sc, 5822444; Pcaf_Hs, 5542194; AAC-3Ј_Sm, 3745773; AAC-6'_Em, 5542089; Eco1_Sc, NP_011218.1; Eco1_Sp, T39541; Eco1_Ce, AAK68308; Eco1_Dm, AAF50579.1; Eco1_At, AL021633.2; Eco1_Hs, NT_025025.5 (the latter two are conceptual translations from genomic clones). The secondary structure elements of AANAT are shown above (the numbering is derived from [12] ). The framed residues correspond to the regions designated as motifs D, A, and B by [11] . Residues in the S. cerevisiae Eco1 that abolish enzymatic activity when mutated are marked by an asterisk. (C) Three-dimensional structure of GCN5 histone N-acetyltransferase from Tetrahymena thermophilum (1QSN) [20] . The coloring and labeling of the structural elements is according to the sequence alignment in (A). Acetyl CoA is colored blue; the substrate analog is shown in yellow.
case of the latter, even the complete PFAM domain the low level of sequence conservation with GNAT superfamily, the Eco1 C-terminal domain represents a new model produces a hit with a positive score (but a nonsignificant E value) for a segment comprising 98 residues. sequence family. To conclude, Eco1 protein sequence analysis results We found that the N terminus of the S. pombe Eco1 homolog is extended by more than 600 amino acids and indicate a two-domain structure: (1) an N-terminal region with many positive charges (K/R) and a C 2 H 2 Zn fingerthe D. melanogaster homolog by 800 amino acids. In the first case, the N-terminal extension is the known like domain (residues 33-57, C2H2), possibly with a nucleic acid or protein binding function; (2) a proline-and fusion with polymerase [6, 17] and contains a UMUC domain known to be involved in DNA replication and serine-rich low complexity region (residues 95-107, P/S), the probable interdomain linker; and (3) a C-ter-UV protection [18] ; in the fly protein case, no function could be guessed for this extension, which could also minal domain with suggested acetyltransferase activity (residues 111-266, ACT) ( Figure 1A ). represent a genome assembly artifact.
Starting from the PF00583 model hits in Eco1 homologs and relying on the highly similar secondary structure pre-
Biochemical Tests
In order to test whether Eco1 has an enzymatic activity in dictions for the Eco1 proteins, a multiple alignment including the Eco1 sequences and acetyltransferases with a vitro, we expressed the yeast protein as a GST-fusion in E. coli. When this recombinant protein was incubated known 3D structure [12, 19, 20] incubated with a cold substrate and then analyzed by Western blot with a commercial anti-acetyl-lysine antiof the histone acetyltransferase structure. Considering prisingly, Eco1 purified from bacteria was found to be already acetylated on at least seven lysines. This is most likely due to autoacetylation occurring inside the cell in the process of expression.
Transfer of an acetyl group from acetyl coenzyme A to a primary amine in aqueous solution is an energetically favorable reaction resulting in detectable rates of nonenzymatic background acetylation [21] . To rule out this possibility, we decided to confirm that the observed in vitro modification of Eco1 is dependent on its intact structure. We mutated a number of amino acids conserved among Eco1 homologs from different organisms (indicated by asterisks in Figure 1B ) and tested the mutant forms of enzyme for activity in vitro. The mutation leading to a temperature-sensitive allele of eco1 was identified as glycine 211 to aspartic acid substitution [6]. In our model of Eco1 fold, this position corresponds to the fourth residue in the ␣4 helix in the motif A, the longest and most highly conserved motif among the members of GNAT superfamily of acetyltransferases. Strand ␤4 and the following helix ␣3 form the core of the acetyl coenzyme A binding site [12] . Remarkably, a mutation in Eco1 homolog of S. pombe, Eso1, that was responsible for temperature sensitivity was an identical glycine to aspartic acid substitution at position 799 corresponding in the alignment to position 211 of Eco1 [17] . Another mutation that we used in Eco1 was a glycine to aspartic acid substitution at amino acid 225. This 4 and 7) . Next, we assayed whether Eco1 can modify known try to identify the acetylated amino acid residues. Sur- components of the cohesin complex. First, yeast Scc1 tated to arginines, and the resulting mutants were assayed for acetylation by Eco1 ( Figure 3B ). Mutating lyprotein was expressed in baculovirus system and incubated with cold acetyl coenzyme A and Eco1 followed sine 210 to arginine resulted in loss of acetylation. Mutating other lysines had no effect on the ability of the by a Western blot analysis with an anti-acetyl-lysine antibody. Incubation of Scc1 in the presence but not in middle portion of Scc1 to be modified by Eco1 either in radioactive assay or by Western blot analysis with antithe absence of Eco1 resulted in a detectable degree of acetylation ( Figure 3A, left panel) . The identity of the acetyl-lysine antibody. In addition, acetylation of lysine 210 was confirmed by mass spectrometry analysis (data band was confirmed by probing the same Western blot with an anti-His 5 antibody recognizing a poly-histidine not shown). We tested whether other subunits of the cohesin comtag on the recombinant Scc1 ( Figure 3A, middle panel) . Scc1 was also labeled in a radioactive assay, although plex can be acetylated by Eco1 in vitro. Scc3 and Pds5 proteins were expressed in baculovirus and tested as weakly ( Figure 3A, right panel) . In addition, we observed Eco1-dependent acetylation of the S. pombe Scc1 hosubstrates in the in vitro assay. All of them were acetylated ( Figure 3C) Our data suggest that establishment of sister chromatid cohesion is regulated, directly or indirectly, by an between protein precipitated from wild-type strain and eco1 mutant strain grown at restrictive temperature. In acetyltransferase. This observation opens an exciting possibility of searching for its relevant target and is likely spite of our efforts, we have been unable to detect acetylation of cohesin subunits, Pds5, and two other proteins to lead to a discovery of a new enzymatic pathway that is essential for cellular proliferation regulation. implicated in cohesion, PCNA and Ctf18, in vivo. To further test whether acetylation of Scc1 has an in vivo
